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A septic patient is in your intensive care unit and you are
concerned that he is behind on his intravascular volume. For
a variety of reasons you have decided you would like to give
him intravenous colloids. The only colloid available in your
intensive care unit is hydroxyethylstarch.
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Abstract
There are few issues in critical care medicine that have a less clearly defined standard of care than the
intravenous fluid choice for resuscitation. Natural colloids (such as albumin) became popular during the
Second World War when there was a need to develop a portable, easily stored, blood substitute. Early
successes led to widespread use and a multibillion dollar industry. It is not surprising given the large
demand, high costs and potential adverse effects of natural colloids that synthetic colloids have
emerged. In the present article, two groups of clinical investigators remind us of the controversies
surrounding the use of synthetic colloids.
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The scenario
Pro: Yes, hydroxyethylstarches should be avoided in septic patients
Frédérique Schortgenand Laurent Brochard
Capillary leakage during sepsis is a reason for
recommending the use of macromolecules that could
preserve the colloid osmotic pressure (COP). The high cost
of albumin has facilitated the widespread use of
hydroxyethylstarches (HES). Outcome studies on sepsis are
scarce, and the reasons why we should use HES remain
speculative or based on short-term physiological data. The
reason why we should avoid HES is much better
documented. We will briefly describe how uncertain are the
clinical benefits of these products and, by contrast, how
strong is the evidence for numerous adverse effects.
Both crystalloids and colloids have a similar ability to achieve
sufficient volume loading when the volume administered
takes into account the capacity of the solution to remain in
the intravascular space [1]. To achieve an equivalent plasma
volume expansion, a fourfold greater volume of crystalloid
may be needed in comparison with 5% albumin [1].
Maintaining COP by administration of HES could, in theory,
reduce pulmonary oedema. One study including septic
patients found a higher incidence of pulmonary oedema after
crystalloids than after HES [2]. Most clinical results have280
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been disappointing, however, and a meta-analysis showed
that pulmonary oedema occurrence is similar with colloids or
crystalloids [3]. Indeed, in the context of a free course of
macromolecules across a damaged alveolocapillary
membrane, the Starling equation indicates that colloidal
forces can no longer stop fluid shift.
An attractive, although unproven, pharmacological effect of
HES comes from experimental studies suggesting that HES
could improve microcirculation [4]. Clinical studies were
again disappointing. Boldt and colleagues found a better
intramucosal pH in patients receiving HES in comparison
with albumin [5], but two recent studies in septic
hypovolaemic patients showed that HES did not improve
splanchnic circulation whereas gelatins did [6,7].
The case for adverse events secondary to administration of
HES is much stronger and concerns coagulation disorders,
acute renal failure, liver failure and pruritis [8–12]. Initially
shown in a situation of ischaemia reperfusion (i.e. renal
transplant recipients) [8], the nephrotoxicity of
hydroxyethylstarch has been demonstrated in a randomised
study during severe sepsis [9]. In comparison with gelatins,
HES 200kDa/0.6 induced a twofold higher incidence of
acute renal failure.
The adverse effects of HES may depend on the molecular
weight and the degree of substitution (proportion of
hydroxylethyl groups on glucose molecules) [13]. The
conflicting results coming from coagulation studies cast
doubts whether an optimal combination for these two
parameters has yet been found. Comparing HES
200kDa/0.5 and 130kDa/0.4, Jamnicki and colleagues
found the same disturbances in in vitro coagulation tests
[14]. A recent meta-analysis in cardiac surgical patients
showed that postoperative bleeding was more frequent with
HES, whatever the molecular weight, than with albumin [11].
Concerning acute renal failure, no comparative study
supports the hypothesis that the newer compounds are
safer. In a prospective randomised study including 150
postoperative patients with sepsis, a 50% increase in the
serum creatinine was found at day 3 in the
hydroxyethylstarch 200kDa/0.5 group against only a 6%
increase with albumin [15]. This difference was not
significant, but this result again suggests that doing no harm
should be our primary goal.
If the only colloids available are HES, the actual equipoise
regarding efficacy means that we choose crystalloids to
avoid adverse effects on organ function.
Con: No, hydroxyethylstarches should not be avoided in septic patients
Ellen Burnham and Greg S Martin
Fluid exchange across the capillary endothelium obeys
Starling’s Law {V = Kf[(PC – PI) – σ(πC – πI)]}, which
describes the forces governing fluid flux across a
semipermeable membrane, such as the human vasculature
[16]. Hydrostatic pressure and COP (π) are the primary
determinants of fluid flux in this system. When these forces
are in balance, homeostasis between the intravascular and
extravascular fluid compartments is maintained. The
difference in hydrostatic pressure (Pcapillaries – Pinterstitium)
pushes fluid out of the vasculature, while the difference in
COP (πcapillaries – πinterstitium) draws fluid into the
vasculature. The relative effect of oncotic pressure is
modulated by the reflection coefficient (σ), describing the
integrity of the capillary wall in preventing translocation of
proteins.
Colloids were developed as a durable alternative to
crystalloids and blood products for patients requiring fluid
resuscitation. Colloids exist in two general forms: natural and
synthetic. In practical terms, this translates into albumin
versus starches, gelatins, dextrans or combination solutions.
Because of cost differentials, conflicting evidence and the
underemphasis of COP in shock states, the solution of
choice for resuscitating patients is controversial. The
utilisation of a crystalloid solution in volume resuscitation,
especially in situations where patients are hypoproteinemic,
such as sepsis, may promote extravasation of volume out of
the vascular space and into the interstitium, where it is of little
help in rectifying hypotension [1].
Physiologically, the use of resuscitative fluid containing
osmotically active molecules of low molecular weight that
are biodegradable with a moderate halflife would be ideal
in septic patients, who have greater capillary permeability
and, frequently, a low COP. HES are such agents. HES
solutions contain molecules with a wide range of
molecular weights and have an effect on intravascular
volume lasting about 24 hours. In the intravascular
compartment, HES are progressively hydrolysed into
smaller fractions that are ultimately excreted by the
kidneys [4].
Colloidal agents are more efficacious at restoring plasma
volume compared with crystalloids, per unit of fluid given
[1,17]. Furthermore, HES continue to provide volume
expansion even in states of capillary permeability [18].
Investigators have demonstrated that, in hypovolaemic shock,
resuscitation with starches or albumin results in a lower
incidence of pulmonary oedema, compared with crystalloids
[2]. Additionally, maintenance of COP may prevent
complications of critical illness, including refractory acidosis
[19], acute respiratory distress syndrome, prolonged
mechanical ventilation and mortality associated with
crystalloid resuscitation [20].281
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Pro’s response
Frédérique Schortgenand Laurent Brochard
In the absence of abnormally high hydrostatic pressure, low
COP does not promote lung fluid accumulation [24].
Whereas a low COP may induce soft tissue oedema, several
effective mechanisms protect against alveolar flooding. Low
COP is rather a marker of severity for capillary leakage and of
the amount of volume needed before acute respiratory
distress syndrome onset. The ability of plasma expanders to
reverse microvascular damages is not limited to starches, or
even to colloids. Similar beneficial effects have been shown
using hypertonic crystalloids [25]. One might not forget that
the best way to reverse low COP and microvascular
damages in sepsis remains early and adequate anti-infectious
treatment.
Con’s response
Ellen Burnham and Greg S Martin
For improving outcomes in critically ill patients with severe
sepsis there is an absence of evidence regarding intravenous
solutions. Colloids have physiologic advantages over
crystalloids, but suffer from higher acquisition costs. In light
of recent evidence specifically regarding HES, advocating
their use in patients with severe sepsis is problematic.
Although HES may be the economic colloids of choice, we
must focus our prescribing choices on patient-centred
outcomes. Association does not indicate causation and, until
clinical trials evaluating appropriate clinical outcomes are
performed, we will continue to deliver imprecise critical care.
Intensivists should prescribe intravenous therapy based upon
patient-specific factors, recognising that newer starches
might obviate the associated risks, which are also absent
with natural colloids.
Apart from being pure volume expanders, HES have specific
pharmacologic properties that may be beneficial in sepsis,
such as lowering the circulating levels of adhesion molecules
[21], and thus potentially reducing endothelial activation and
damage. In septic patients, endogenous vasopressor
production is decreased in patients receiving HES compared
with other colloids [22]. Additionally, HES may exert useful
effects on the microvascular coagulation cascade of these
patients by elevating levels of protein C and protein S [23].
The use of HES as a resuscitative fluid in this patient with
septic shock makes sound physiologic sense, particularly if
COP is already reduced. Experimental data have
demonstrated the efficacy of HES in the restoration of
intravascular volume, and the unique pharmacologic
properties of HES may provide additional benefit. Finally,
prevention of the sequelae from sepsis could neutralise any
acquisition cost associated with colloids.
References
1. Ernest D, Belzberg AS, Dodek PM: Distribution of normal saline
and 5% albumin infusions in septic patients. Crit Care Med
1999, 27:46-50.
2. Rackow EC, Falk JL, Fein IA, Siegel JS, Packman MI, Haupt MT
Kaufman BS, Putnam D: Fluid resuscitation in circulatory shock:
a comparison of the cardiorespiratory effects of albumin, het-
astarch, and saline solutions in patients with hypovolemic and
septic shock. Crit Care Med 1983, 11:839-850.
3. Choi PT, Yip G, Quinonez LG, Cook DJ: Crystalloids vs. colloids
in fluid resuscitation: a systematic review.  Crit Care Med
1999, 27:200-210.
4. Marik PE, Iglesias J: Would the colloid detractors please sit
down! [Editorial.] Crit Care Med 2000, 28:2652-2654.
5. Boldt J, Heesen M, Muller M, Pabsdorf M, Hempelmann G: The
effects of albumin versus hydroxyethyl starch solution on car-
diorespiratory and circulatory variables in critically ill patients.
Anesth Analg 1996, 83:254-261.
6. Forrest DM, Baigorri F, Chittock DR, Spinelli JJ, Russell JA:
Volume expansion using pentastarch does not change
gastric-arterial CO2 gradient or gastric intramucosal pH in
patients who have sepsis syndrome. Crit Care Med 2000, 28:
2254-2258.
7. Asfar P, Kerkeni N, Labadie F, Gouello JP, Brenet O, Alquier P:
Assessment of hemodynamic and gastric mucosal acidosis
with modified fluid versus 6% hydroxyethyl starch: a prospec-
tive, randomized study. Intensive Care Med 2000,  26:1282-
1287.
8. Cittanova ML, Leblanc I, Legendre C, Mouquet C, Riou B, Coriat
P: Effect of hydroxyethylstarch in brain-dead kidney donors
on renal function in kidney-transplant recipients. Lancet 1996,
348:1620-1622.
9. Schortgen F, Lacherade JC, Bruneel F, Cattaneo I, Hemery F,
Lemaire F, Brochard L: Effects of hydroxyethylstarch and
gelatin on renal function in severe sepsis: a multicentre ran-
domised study. Lancet 2001, 357:911-916.
10. Kimme P, Jannsen B, Ledin T, Gupta A, Vegfors M: High inci-
dence of pruritus after large doses of hydroxyethyl starch
(HES) infusions. Acta Anaesthesiol Scand 2001, 45:686-689.
11. Wilkes MM, Navickis RJ, Sibbald WJ: Albumin versus hydrox-
yethyl starch in cardiopulmonary bypass surgery: a meta-
analysis of postoperative bleeding. Ann Thorac Surg 2001, 72:
527-533, discussion 534.
12. Christidis C, Mal F, Ramos J, Senejoux A, Callard P, Navarro R,
Trinchet JC, Larrey D, Beaugrand M, Guettier C: Worsening of
hepatic dysfunction as a consequence of repeated hydroxy-
ethylstarch infusions. J Hepatol 2001, 35:726-732.
13. Treib J, Baron JF, Grauer MT, Strauss RG: An international view
of hydroxyethyl starches. Intensive Care Med 1999,  25:258-
268.
14. Jamnicki M, Zollinger A, Seifert B, Popovic D, Pasch T, Spahn DR:
Compromised blood coagulation: an in vitro comparison of
hydroxyethyl starch 130/0.4 and hydroxyethyl starch 200/0.5
using thrombelastography. Anesth Analg 1998, 87:989-993.
15. Boldt J, Muller M, Mentges D, Papsdorf M, Hempelmann G:
Volume therapy in the critically ill: is there a difference? Inten-
sive Care Med 1998, 24:28-36.
16. Starling EH: On the absorption of fluid from connective tissue
spaces. J Physiol (London) 1896, 19:312-326.282
17. Kaminsky MV Jr, Haase TJ: Albumin and colloid osmotic pres-
sure implications for fluid resuscitation. Crit Care Clin 1992, 8:
311-321.
18. Marx G, Cobas-Meyer M, Schuerholz T, Vangerow B, Gratz KF,
Hecker H, Sumpelmann R, Rueckoldt H, Leuwer M: Hydroxyethyl
starch and modified fluid gelatin maintain plasma volume in a
porcine model of septic shock with capillary leakage. Int Care
Med 2002, 28:629-635.
19. Kellum JA: Fluid resuscitation and hyperchloremic acidosis in
experimental sepsis: improved short-term survival and acid-
base balance with Hextend compared to saline. Crit Care Med
2002, 30:300-305.
20. Mangialardi RJ, Martin GS, Bernard GR, Wheeler AP, Christman
BW, Dupont WD, Higgins SB, Swindell BB: Hypoproteinemia
predicts acute respiratory distress syndrome development,
weight gain, and death in patients with sepsis. Crit Care Med
2000, 28:3137-3145.
21. Boldt J, Muller M, Heesen M, Neumann K, Hempelmann GG:
Influence of different volume therapies and pentoxifylline
infusion on circulating soluble adhesion molecules in critically
ill patients. Crit Care Med 1996, 24:385-391.
22. Boldt J, Muller M, Menges T, Papsdorf M, Hempelmann G: Influ-
ence of different volume therapy regimens on regulators of
circulation in the critically ill. Br J Anaesth 1996, 77:480-487.
23. Boldt J, Heesen M, Welters I, Padberg W, Martin K, Hempelmann
G:  Does the type of volume therapy influence endothelial-
related coagulation in the critically ill? Br J Anaesth 1995, 75:
740-746.
24. Guyton AC, Lindsey AW: Effect of elevated left atrial pressure
and decreased plasma protein concentration on the develop-
ment of pulmonary edema. Circ Res 1959, 7:649-657.
25. Rhee P, Wang D, Ruff P, Austin B, DeBraux S, Wolcott K, Burris
D, Ling G, Sun L: Human neutrophil activation and increased
adhesion by various resuscitation fluids. Crit Care Med 2000,
28:74-78.
Critical Care    August 2003 Vol 7 No 4 Schortgen et al.